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INTRODUCTION
Available peak-discharge data are used in floodfrequency studies to estimate the magnitude and frequency of floods that can occur at gaged sites. Estimates of the magnitude and frequency of floods are used for planning and designing structures such as dams, bridges, culverts, highways, and buildings; establishment of actuarial flood-insurance rates; and for proper flood-plain management by Federal and State agencies. These estimates are also needed at ungaged sites, and may be computed using regression of flood magnitude and frequency information at gaged sites with particular climatic and basin characteristics.
Two previous reports published by the U.S. Geological Survey (USGS) presented techniques to estimate the magnitude and frequency of floods in Puerto Rico. López and Fields (1970) presented techniques for estimating the 5-, 10-, 25-, and 50-year floods using data collected through December 1969 at 35 gaged sites. López and others (1979) presented techniques for estimating the 2-, 10-, 25-, 50-, and 100-year floods using data collected through December 1975 at 50 gaged sites. Segarra-García (1998) discussed the applicability of discriminant analysis to form statistically homogeneous clusters of basins having similar flood-response characteristics. Segarra-García found as statistically significant four cluster regions for Puerto Rico, although a map of the regions was not published. His analysis was based on the Generalized
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Extreme Value Distribution Probability-Weighted Moments (GEV/PWM) technique developed by Hosking and others (1985) . Segarra-García discussed the standard errors obtained by using the GEV/PWM technique for the 100-year flood, which ranged from 12.0 to 28.7 percent, and found they were lower than those previously published by López and others (1979) . However, Segarra-García concluded the equations he developed underestimated the 100-year flood discharge when he compared the estimated value with that of the gaged site obtained by using the logPearson Type III relation. He also stated that the underestimated discharge value could be related to the estimation of the skew coefficient needed in the equation he developed, and that further study was needed to explain the observations. A comparison of the Segarra-García method with estimates of the 25-, 50-, and 100-year flood discharges estimated from gaged data is included in this report.
Because more years of record were available at gaged sites, in 1995 the USGS began a study in cooperation with the Commonwealth of Puerto Rico, to update the study by López and others (1979) or develop new regression equations for Puerto Rico by using data collected through September 1994. This report differs from previous USGS reports by López and Fields (1970) , and López and others (1979) , by taking into account additional available data, improved analysis techniques accepted by the U.S. Water Resources Council (WRC), separation of floodresponse regions based on skew coefficients, and current national need for 500-year flood values that can be used in bridge-scour analysis and by the Federal Emergency Management Agency (FEMA) for defining flood plains in flood-insurance studies.
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Purpose and Scope
This report presents, for unregulated streams 1 in Puerto Rico, estimates of the magnitude and frequency of floods at gaged sites having 10 or more years of record and presents a technique that can be used to estimate the magnitude and frequency of floods at ungaged sites. Flood-peak discharge and frequency data for 57 gaging stations in Puerto Rico for recurrence intervals of 2, 5, 10, 25, 50, 100, and 500 years are presented. To transfer the magnitude and frequency information from gaged sites to ungaged sites, regression equations were developed using loglinear multiple-regression techniques. The equations incorporate contributing drainage area (CDA), depthto-rock (DR), and mean-annual rainfall (MAR), as basin and climatic characteristics for estimating flood-peak discharges at ungaged sites in Puerto Rico, for recurrence intervals of 2 to 500 years and contributing drainage areas ranging from 0.83 to 208 square miles (mi 2 ). Techniques and examples are presented to estimate the discharge at an ungaged site located within 50 to 150 percent of the drainage area of a near gaged site upstream, downstream, or between two gaged sites.
Physiography and General Climatology
Puerto Rico is the smallest island of the Greater Antilles. It is bounded by the Atlantic Ocean to the north and the Caribbean Sea to the south. The major physiographic features are the Cordillera Central and the small coastal plains along the north and south coasts. The Cordillera Central is an east-west mountain range with peak elevations commonly ranging from 3,000 to 4,000 feet above sea level. The Cordillera Central divides the island into a northern two-thirds and a southern one-third, forming the principal drainage divide of the larger streams. River 1 Some of the gaged sites were established downstream of dams, because of particular data needs. For other sites, where the regulation occurs only in a small segment of their drainage area, the peak flow record is not affected, whereas it has some effect in the low flows of the streams. Regulation occurs, however, in a large portion of the drainage area upstream of sites 50046000 and 50114000. For these stations, the data for the unregulated period were used.
valleys are deeply incised into the mountain and slopes, and the general characteristic is roughness. There are dense tropical rain forests in the Sierra Luquillo mountain-range in northeastern Puerto Rico, but semiarid conditions prevail in southern and southwestern parts of the island.
Nearly 70 non-navigable rivers and streams originate in the Cordillera Central. These rivers are narrow, shallow, and generally less than 20 miles (mi) long, making them susceptible to over-bank floods and flash floods. Flash floods typically result from rainfall that is intense in the upper basins but is sparse or nonexistent on the coast. Streams on the south coast are more susceptible to flash floods than those on the north coast because of their shorter length and steeper upper basin gradients. Average stream length and slope are 22 mi and 132 feet per miles (ft/mi), respectively, on the north side of the island and 14 mi and 237 ft/mi on the south coast (Puerto Rico Department of Natural Resources, 1980) . Puerto Rico has a tropical marine climate. Rain-producing weather systems generally move over the island from the east during June 1 to November 30 (hurricane season), and from the northwest during December to May. In the hurricane season, the weather systems are tropical waves that develop in the trade-wind current, and upper-atmospheric troughs or cyclones in the tropical belt. During December to May, the weather-producing systems are frontal systems and low-pressure troughs.
Mean annual rainfall (1931 to 1960 period) ranges from about 35 inches (in.) in the west to about 200 in. near the top of the Caribbean National Forest in northeastern Puerto Rico ( fig. 1) (Calvesbert, 1970) . The uneven rainfall distribution is due mainly to a combination of different topography and the prevailing easterly winds. The copious rainfall on the Sierra de Luquillo mountain-range in northeastern Puerto Rico results from the orographic effects of the easterly winds against the mountain slopes.
Tropical waves that bring moisture to Puerto Rico and its neighboring islands occur most frequently during the hurricane season. These waves sometimes develop into tropical storms and hurricanes, particularly during August and September. More than 100 major storms have affected the island since 1493 (Salivia, 1972) .
Severe floods in Puerto Rico are generally associated with hurricanes or tropical storms and waves. Fourteen of the 17 severe floods in Puerto Rico, from 1988 to 1994, occurred during the hurricane season. Nine of these severe floods were produced by tropical storms and waves.
MAGNITUDE AND FREQUENCY OF FLOODS AT GAGING STATIONS
Most of the annual peak-flow data (the largest instantaneous discharge recorded each year at a gaged site) used in this report were collected and compiled by the USGS as part of the cooperative effort with Commonwealth of Puerto Rico and other Federal agencies. The former Puerto Rico Water Resources Authority (PRWRA) began the earliest systematic collection of stream-flow data in Puerto Rico in 1907. Systematic collection of streamflow records by the USGS began in Puerto Rico in 1958, when a cooperative Commonwealth-Federal streamflow-gaging program was initiated with 10 gaging stations. By 1994, the USGS maintained and operated 97 gaging stations in Puerto Rico in cooperation with Commonwealth agencies.
Discharge Data Available
Systematic record and historic data for existing and discontinued gaging sites on the island were obtained for this study from the USGS database WATSTORE (WATer STOrage and REtrieval) system and from published reports.
By 1994, there were 67 gaging stations in Puerto Rico with 10 or more years of record, of which 10 stations were not used in this study and are listed in table 1. The data of the remaining 57 stations ( fig. 2 and table 2) were used in the flood frequency and magnitude analysis. The length of record ranged from 10 to 43 years, with a mean of 21 years. The data for the regulated period at station 50046000 (table 2) (since 1974) were discarded. Only 12 stations had record lengths equal to or longer than 20 years, of which 12 had record lengths equal to or longer than 30 years. A review of the 1,238 recorded annual maximum peak-discharges with known dates shows that about 67 percent of the peaks (829 peaks) occurred during the 6-month-long hurricane season, June 1 to November 30 each year ( fig. 3) . , 1931 , -60 (from Calversbert, 1970 . Table 2 . Identification of stream-gaging stations having 10 or more year of record, up to water year 1994, and climatic and basin characteristics evaluated in this study-Continued
Flood Frequency Analysis
Station flood-frequency relations were defined using the Bulletin 17B guidelines (Hydrology Subcommittee of Interagency Advisory Committee on Water Data, 1982) . A flood-frequency relation is the relation of flood-peak magnitude to probability of exceedance or recurrence intervals. Probability of exceedance is the chance of a given flood magnitude being exceeded in any given year. A 25-year flood, for example, has the probability of 0.04 (4 percent) of being exceeded in any given year. A recurrence interval is the reciprocal of exceedance probability and is the average number of years between exceedances for a long period of record. We may expect a 25-year flood to be exceeded on average once in 25 years, or four times in 100 years. This does not mean floods occur at uniformly spaced intervals. In fact, a flood of this magnitude can be exceeded more than once in the same year, or it can occur in consecutive years.
Bulletin 17B guidelines recommend a minimum of 10 years of data for flood-frequency studies. The use of the 10-year data minimum still allows for a good representative sample of the type of flood data involved. Because of climatic changes, a smaller temporal sample may not represent all flow possibilities.
Bulletin 17B outlines procedures to fit the logarithms of observed annual peak discharges to the Pearson Type III frequency distribution, known as the Bulletin 17B suggests the use of a generalized skew coefficient to improve the station skew coefficients, under the assumption that the generalized skew is unbiased and independent of station skew. The generalized skew is a numeric value derived by a procedure that integrates values obtained at many locations. Clark (1998) presented and discussed an isopleth map of skew coefficients for Puerto Rico. Clarks's report, however, did not present the skew statistic of flood data available for five additional gaged sites having more than 20 years of record. These sites were USGS site numbers 50075000 (Río Icacos near Naguabo), 50114400 (Río Bucaná at Highway 14 Bridge near Ponce), 50115900 (Río Portugués at Highway 14 at Ponce), 50121000 (Río Tallaboa at Peñuelas), and 50141000 (Río Yahuecas near Adjuntas), which had 29, 22, 23, 23, and 24 years of record, respectively, through September 1994. Clark appears to have also included data of the regulated period (after 1973) of USGS station 50046000 (Río de la Plata at Highway 2 near Toa Alta). A new map of skew coefficients for Puerto Rico was constructed by using average skew coefficients of stations with 20 or more years of record for different WRC regions (U.S. Water Resources Council, 1978) as presented in figure 4. It is this new map of average skew coefficients for the North Coast-East Coast (NC-EC) and the South Coast-West Coast (SC-WC) WRC regions that is used for the generalized skew coefficients in this report. Statistical tests indicate a significant difference between average skews for the regions shown in figure 4. log-Pearson Type III distribution. Three statistics characterize the logPearson Type III distribution: the mean, standard deviation, and skew coefficient. These statistics, computed from the base-10 logarithmic transformation of annual peak discharges, are presented in this report. The skew coefficient is the numerical measurement of the lack of symmetry. If the skew coefficient is zero, then the log-Pearson Type III distribution becomes identical to the log-normal distribution. Annual peak-discharge data from gaging stations having a minimum of 10 years of record through September 1994 were used to define the flood-frequency relation at each gaged site. Following the Bulletin 17B guidelines, flood frequency relations were developed for each gaging station by using the log-Pearson Type III distribution. Peak-discharge statistics and T-year peak discharges at stream-gaging stations used in this report are presented in table 3. For stations where regulation began during the data collection period, peak-discharge statistics are only presented for the unregulated period.
REGIONAL MAGNITUDE AND FREQUENCY OF FLOODS AT UNGAGED SITES
Peak discharge of various recurrence intervals and physical and climatic basin characteristics for each gaging station were used in multiple-regression analyses to develop estimating equations for flood-peak discharges and frequencies on unregulated streams in Puerto Rico. Several physical and climatic basin characteristics were tested for significance in estimating flood peaks.
Basin Characteristics
Physical and climatic basin characteristics were computed by using the Caribbean District Geographic Information System (GIS) software. The characteristics were determined by using digitized 1:20,000-scale topographic maps and coverages or overlays containing the drainage-basin outlines, mean annual rainfall, 2-, 5-, 10-, 25-, 50-, and 100-year 24-hour rainfall intensity contours, streams, soil properties (permeability and depth-to-rock), and land use. The characteristics tested are below and a statistical summary of the climatic and physical basin characteristics tested is presented in table 4.
CDA: contributing drainage area computed up to the gaging site, in square miles. This characteristic differs from total drainage area in that all noncontributing areas such as sinkholes and drainage to caves were eliminated.
DR: depth-to-rock, in inches. The average of the maximum depth-to-rock values for the soils within the basins. Depth-to-rock values were obtained from the U.S. Natural Resources Conservation Services (USNRCS) data (Acevedo, 1982; Boccheciamp, 1977 and 1978; Carter, 1965; and Gierbolini, 1975 and 1979) in a GIS coverage.
MAR: weighted mean annual rainfall, in inches, on a basin computed by overlying a GIS coverage of lines of equal mean annual rainfall (1931-60 period, see fig. 1 ) (Calvesbert, 1970) on the drainage area basin coverage, and then computing the area-weighted average of rainfall in each basin.
SP: average permeability of soils within the basin, in inches per hour. Soil permeability data were obtained from the USNRCS (Acevedo, 1982; Boccheciamp, 1977 and 1978; Carter, 1965; and Gierbolini, 1975 and 1979) in a GIS coverage. The mid point of the range of soil permeability assigned to each soil type by the USNRCS was used to compute the average permeability of soils within the basin. For those soils assigned a permeability of greater than 20.0 in/hr, a value of 30.0 in/hr was used.
VC: vegetative cover of a drainage basin, in percent of the total drainage area. Computed from a GIS coverage of land use during 1977 (Puerto Rico Department of Natural and Environmental Resources, unpublished maps).
The following land-use categories were included as vegetative cover: Ac (coffee), As (sugar cane), Ao (citric), Ag (coconuts), Ap (pineapple), Ab (plantain and bananas), At (tobacco), Af (floral culture), Am (mixed agriculture of minor fruits), Ay (specialized farming), AaB (dairy cattle), Aay-1 (horses), Ax (pastures), Ai (fallow lands), Ar (rice), Fd (large and high density of trees), Fb (high density of trees medium high, and short foliage), Fp (public forest), Ft (low density of trees), Fx (brush and bushes), OR-1 (golf fields), OR-5 (zoologic, aquarium), OR-6 (camping, field trip, and playgrounds), OR-3 (athletic fields).
CS: main-channel slope of a drainage basin, in feet per mile. This value is computed by dividing the altitude difference between points at the station and the upper end of the streamline.
CL: main-channel length, in miles. The distance along a stream from the gaging site to the drainage-basin divide, along the channel that drains the largest basin. Table 3 . Maximum annual peak-discharge statistics and t-year peak discharges at gaged sites in Puerto Rico having 10 or more years of record--Continued Table 3 . Maximum annual peak-discharge statistics and t-year peak discharges at gaged sites in Puerto Rico having 10 or more years of record--Continued GS: the average of the ground slope of all 30-by 30-meter cell in a GIS coverage, within a drainage basin. The value is expressed in percent and was computed using a GIS.
RI-i: the average i-year 24-hour rainfall intensity in a GIS coverage, within the drainage basin. The value "i" was equal to 1, 2, 5, 10, 25, 50, and 100 years (U.S. Department of Commerce, 1961).
Development of Regional Regression Equations
After the discharge-frequency relations were defined and physical and climatic basin characteristics determined for each gaged site, the flood discharges for seven different recurrence intervals (2, 5, 10, 25, 50, 100, and 500 years) were related to the significant physical and climatic basin characteristics by using log-linear multiple-regression techniques to develop estimating equations for flood-peak discharges and frequencies on unregulated streams in Puerto Rico. The generalized least-squares (GLS) method developed by Stedinger and Tasker (1985) was used in the analyses. This technique is an improvement over ordinary least squares regression, because the GLS method accounts for cross-correlation between sites and for unequal record length.
Initially, all basin characteristics were used in each regression. Not all variables were used for the final equations.
Step-wise, ordinary least squares regression technique was used for initial screening and in selecting possible variables using the base-10 logarithmic values of the 50-year flood and the basin characteristic values. Variable selection for the final models was made by choosing from among all possible subsets of basin characteristics that had the small Mallow's Cp (Montgomery and Peck, 1982; Myers, 1986) and had physically logical mathematical signs for their coefficients. The USGS developed computer program GLSNET (Generalized Least Squares and NETwork analysis) was used to determine the final models, presented in this report.
In this study, different techniques and methods were used in an attempt to group basins having similar flood response characteristics into homogeneous regions. Homogeneity of regions' flood characteristics can reduce errors in estimates of peak discharge for gaged and ungaged sites. The simplest method of regionalization is to group basins geographically. However, continuous geographical regions are not a guarantee of homogeneity since adjacent basins can be very different in terms of rainfall-runoff flood response. The techniques and methods considered and evaluated in this study were (1) regionalization by using the method of residuals (Choquette, 1988; Bhaskar and O'Conner, 1989) and (2) cluster analysis by using the disjoint clustering procedure based on Euclidean distances. In addition, the geographicallydefined surface-water regions outlined by the U.S. Water Resources Council (1978) were also considered and evaluated in determining their appropriateness as homogeneous flood-response regions.
The regionalization by the method of residuals involves classifying basins into regions using the sign and magnitude of the residuals (differences in predicted and observed peak discharges), basin and climatic conditions, and hydrologic judgement. The method assumes that the general trends in the residuals reflect inherent variations in the flood response of various regions. Thus, residuals with similar sign and magnitude are assumed to represent regions with similar flood-response characteristics and are grouped together.
The regionalization by the method of clusters was done by using the following as the clustering variables: LCV, the coefficient of variation of the logtransformed maximum-annual flood series and QSP, the mean annual flood divided by the contributing drainage area. The LCV variable reflects the slope or steepness of the underlying flood-frequency distribution in the log-domain. It measures the year-toyear variability of the flood series at a site (local variability of flood response). The QSP variable captures the spatial intensity of flood series and directly reflects the variation of flood potential of each gaged watershed per unit drainage area (spatial variability of flood response).
Each possible region was evaluated by using the Wilcoxon signed-rank test and by regression analysis. The Wilcoxon test was performed to compare residuals between regions to decide if the apparent grouping of the residuals represents consistent differences in the residuals between regions and flood response. The Wilcoxon signed-ranks test does not statistically verify the regions but provides a quantitative index as a guide for defining homogeneous regions (Tasker, 1982) .
Final Region and Equations
Among all the regions and variable combinations tested, by using CDA, DR, and MAR as the explanatory variables and the whole island of Puerto Rico as a single region was judged to be the best for flood peaks of 5, 10, 25, 50, 100, and 500 years. For the 2-year flood peak, only variables CDA and MAR were significant. The use of the whole island as one region generally agrees with López and others (1979) and yields lower standard errors with the new data and explanatory variables used (table 5). 
López and others (1979) not determined -------------------------López and Fields (1970) not determined -------------------------
------------------------López and Fields (1970) not determined -------------------------
Q is estimated discharge, in cubic feet per second, for the indicated recurrence interval in years A is drainage area, in square miles MAR is mean annual rainfall, in inches CDA is contributing drainage area, in square miles DR is depth-to-rock, in inches
Because variables DR and MAR may not be available at a given time for some users of the new regression equations defined, regression analyses were conducted using only the CDA variable and are presented in table 6. The one-variable models presented in table 6 have higher standard errors and are not considered as accurate as the models in table 5 using CDA, DR, and MAR as variables.
Accuracy of Estimating Equations
The GLS regression technique provides a means of estimating the uncertainty or error in a prediction at an ungaged site (MSE pred ) by partitioning the mean square error into the part due to having an imperfect model (MSE model ) and the part due to sampling error (MSE samp The values of SE model in log units and plus and minus percentages are shown for each equation in tables 5 and 6. The mean square sampling error at an ungaged site (MSE samp ) with basin characteristics given by the row vector x 0 = [1, log(CDA), log(DR), log(MAR)] is calculated as: The diagonal elements of C are MSE model plus the time sampling error at each site in the regression data, which is estimated as a function of the record length at each site. The off-diagonal elements of C are estimated as a function of the cross correlation between pairs of observed annual-peaks data (Tasker and Stedinger, 1989) . The matrices {X T C -1 X} -1 for A 90 percent prediction interval (α = 10) can be computed by setting t 0.05,53 = 1.67 (from statistical texts) and V = 10 1.67(0.0988) = 1.462. The 90 percent prediction interval is {16,600/1.462, 16,600(1.462)} or (11350, 24270). Therefore, there is a 90 percent chance that the true 50-year peak at the example site falls between 11,400 and 24,300 ft 3 /s.
The computations needed to calculate the standard error of prediction and prediction intervals are of sufficient complexity to make it desirable to use a computer program to carry out the task. Therefore, a FORTRAN program and related data files are given in the appendix of this report. In addition, an executable file suitable for a personal computer with at least a 386 processor is available upon request. each equation in tables 5 and 6 are given in table 7. The standard error of prediction in log units at a specific ungaged site can be estimated as: SE pred = (MSE model + MSE samp ) 0.5 This value may be converted to a plus and minus percent error as explained above.
Another measure of uncertainty is the prediction interval of an estimate at an From 
Comparison of Estimates Using Different Models
The equations developed in this study and by López and others (1979) and Segarra-García (1998) were evaluated by comparing the differences in predicted (using the respective equations) and the observed values of the 25-, 50-, and 100-year flood estimates in the log-Pearson Type III analysis (weighted values) (appendix). The root-mean-square errors (RMSE) in log units were computed for each method by using the formula: where RMSE log is the root-mean-square, in log units.
When compared to other studies, the results indicate that the equations developed in this study yield the smallest RMSE ( fig. 5 ). The RMSE for the 100-year flood, for example, using the equations developed in this study is 43 percent (3-variable model), while using Segarra-García (1998) and López and others (1979) the RMSE are 51 and 56 percent, respectively.
ESTIMATION OF PEAK DISCHARGE USING REGRESSION EQUATIONS
This section provides methods and examples for computing a peak discharge for a selected recurrence interval at a specific site. Two methods are provided for use, depending on if the site is gaged or ungaged. Both methods use the regression equations in table 5 for estimating peak discharges in Puerto Rico.
Gaged Sites
At gaged sites, two peak-discharge estimates are available, one from the frequency curves based on gaged record and the other computed from the regression equations. Another estimate would be to combine them. Combining the estimates provides a regional adjustment to the gaged record. To combine estimates, a weighted average of the peak discharges is used. The equation outlined in Choquette (1988) and described below weighs the two peak estimates by record length in years. By combining the regression and gaged record peak-discharge estimates and time-sampling, errors at sites with short record lengths are reduced, providing an improved estimate of peak discharge. The weighting equation for peak discharges at gaged stations is:
where Q tw is the weighted average peak discharge, in cubic feet per second, for the t-year recurrence interval;
Q tg is the t-year peak discharge, in cubic feet per second, computed from the gaged record;
Q tr is the regional regression estimate, in cubic feet per second, from the equation in table 5 for the t-year peak discharge; N is the number of years of gaged record at the station (table 2) ; and EQ is the equivalent years of record associated with the regression equation (table 5) for the t-year peak discharge.
Ungaged Sites
The purpose of regional analysis is to transfer flood-frequency data spatially. This is done by using the derived regression equations for ungaged basins. Flood estimates for ungaged sites are determined from the regression equations in table 5. If an ungaged site is near a gaged site on the same stream, Thomas (1987) provides four equations that use both the regression equation estimate and the discharges from the flood-frequency analysis of the gaged site. A criterion for using these equations requires that the drainage area of the ungaged site be within 50 to 150 percent of the drainage area of the ungaged site. These equations were evaluated for applicability to streams in Puerto Rico by using six pairs of gaged sites that met the drainage-area size criterion. The equation providing the best results was that originally presented by Jordan (1984) . This equation is:
where Q u is the final discharge (for a selected exceedance probability) estimate at the ungaged site, W e is equal to 0.5 -0.5 cos (4.53 ln (A u /A g )) Q ru is the estimated discharge at the ungaged site using the regional regression equations, W g is equal to 1 -W e , Q g is the estimated discharge at the gaged site during the recorded period, A u is drainage area of the ungaged site, and A g is drainage area of the gaged site.
Sample Computations
The following examples illustrate the use of the methods described in this report for estimating peak discharges at gaged and ungaged sites. Therefore, the weighted average estimate of the 100-year peak discharge at station 50028000 is 14,300 ft 3 /s. This is considered the best estimate for the 100-year peak discharge at the gaged site.
Example 2
Ungaged site near a gaged site on the same stream: Estimate the 100-year peak discharge at an ungaged site downstream of station 50028000 in the Río Tanamá. Contributing drainage area, depth to rock, and mean annual rainfall are 22.2 mi 2 , 53.04 in., and 87.64 in., respectively. For this ungaged site the contributing drainage area is 22.2 mi 2 , which falls within the range of drainage area values given in table 4, so that equation 3 can be used. To use equation 2, the contributing drainage area of the ungaged site must fall within the 50-and 150-percent limits of drainage area at the gaged site and be on the same stream. The contributing drainage area of station 50028000 is 18.0 mi 2 and the 50-to 150-percent lower and upper limits of drainage area are 9 to 27 mi 2 . Because the drainage area of the ungaged site falls within these limits, equation 2 can be used. The regression estimate is: This is considered the best estimate for the 100-year peak discharge at the ungaged site.
The site for which flood-frequency calculations are needed may sometimes be between two gaged sites on the same stream. The 50-, 150-percent rule should be first applied to determine which gage, if any, should be used to make the regional adjustment. If the ungaged site is within 50 percent of both gaged, correction factors should be computed using each gaged site. If both correction factors are greater than unity, the larger should be used (Hodge and Tasker, 1995) . If both correction factors are less than unity, the smaller should be used. If one is greater than unity and one is less than unity, an average of both correction factors should be used. Correction factors are computed using the following equation:
where Q tw is the weighted discharge for recurrence interval t, and Q tr is the station discharge for recurrence interval t.
This ratio represents the correction needed to adjust the regression value, Q tr , to the weighted value, Q tw , at the gaged site. The equation for determining the correction factor for an ungaged site (R') that is near a gaged site on the same stream, is the following:
where R' is the correction factor that is multiplied by the regression value, Q tr , for the ungaged site; R is the correction needed to adjust the regression value, Q tr , to the weighted value, Q tw , at the gaged site; ∆A is the difference between the drainage areas of the gaged and ungaged sites; and CDA g is the contributing drainage area of the gaged site.
The best estimate for Q tu is computed by the following equation:
The following example illustrates the calculations for determining a 100-year flood for an ungaged site that is between two gaging sites on the same stream.
Example 3
Ungaged site between two gaged sites: Estimate the 100-year peak discharge at an ungaged site having a drainage area of 80 mi 2 , and a Q 100ru of 65,000 ft 3 /s, located upstream of station 50035000 and downstream of station 50031200.
First, determine if the station is on an unregulated stream. The drainage area of the ungaged site, 80 mi 2 , is within 50 percent of the drainage areas at both gaged sites. Therefore, the station data for both gaged sites are used in the computations. The values for R' are computed now for the ungaged site using equation (5) Because R' is neither greater nor lower for both gaged stations, the average of both correction factors should be used for computing the 100-year estimate discharge at the ungaged site as follows: Q 100u = Q 100ru (R') = 65,000((1.03+0.69)/2) = 55,900 ft 3 /s. This is considered the best estimate for the 100-year peak discharge at the ungaged site.
SUMMARY AND CONCLUSIONS
Methods are presented for estimating the magnitude and frequency of peak discharges in Puerto Rico for recurrence intervals 2, 5, 10, 25, 50, 100, and 500 years. Systematic record and historic data for a total of 57 gaged sites on the island were obtained through September 1994 to develop the station floodfrequency relations following the Bulletin 17B guidelines. Physical and climatic basin characteristics were computed by using a GIS. These characteristics were contributing drainage area, soil permeability, vegetative cover, channel slope, channel length, ground slope, depth-to-rock, 30-year mean annual rainfall , and the 2-, 5-, 10-, 25-, 50-, and 50-year 24-hour rainfall intensities.
Different techniques and methods were used in an attempt to group basins having similar flood response characteristics into homogeneous regions. The techniques and methods used in this study were (1) regionalization by using the method of residuals and (2) cluster analysis by using the disjoint clustering procedure based on Euclidean distances. In addition, the geographically-defined surface-water regions outlined by the U.S. Water Resources Council were also considered and evaluated in determining their appropriateness as homogeneous flood-response regions.
A new map of skew coefficients for Puerto Rico was constructed by using average skew coefficients of stations with 20 or more years of record for different WRC regions. The two skew regions were North Coast-East Coast and South Coast-West Coast WRC areas, and they were used for the generalized skew coefficients in this study.
Among all the regions tested, the whole island of Puerto Rico is the region that best represents the general flood response of the basins in Puerto Rico included in the analyses. The use of the whole island as one flood region generally agrees with López and others (1979), and yields lower standard errors.
Station peak discharges for the seven different recurrence intervals were related to the physical and climatic basin characteristics by using log-linear multiple-regression techniques to develop estimating equations for flood-peak discharges and frequencies on unregulated streams in Puerto Rico. The independent variables contributing drainage area, depth-to-rock, and mean annual rainfall were the most significant variables to use in estimating flood-peak discharges for Puerto Rico sites. Regression equations were developed and standard errors of estimate and prediction, and equivalent years of record were obtained by using the USGS developed computer program GLSNET (Generalized Least-Square Methods and Network analysis). The equations presented in this report have lower standard errors than those previously developed by López and others (1979), and Segarra-García (1998) .
Of the equations used by the U.S. Geological Survey to weight the discharge of the gaged to the ungaged site, whether upstream or downstream of the gaged site, the one providing the best results was that originally presented by Jordan (1984) . Clark, J.J., 1998 Appendix 1. Comparison of log-Pearson Type III (Bulletin 17B weighted) estimates and estimates using empirical models.
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